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1. General Scientific Goals: No Change. 
2. Concise Description of Studies .Conducted during the Budget Year, the Results 
Obtained and their Significance. 
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(a) Heme-Rotation a 1 Disorder in Monomeric Allosteric Cyano-r1ef Insect 
Hemoglobins. 
The heme-rotational disorder refers to the two heme-rotational 
components which are related by 180° rotation about the a,y-meso axis. We 
have investigated the effect of heme rotational disorder on the resonance Raman 
spectra of cyanomet CTT III and CTT IV reconstituted with proto-IX, deutero-IX 
and meso-IX porphyrins. We have identified two Fe-C-N bending modes at 401 cm-1 
and 422 cm-1 {pH 9.5) for 57Fe deutero-IX CTT IV ligated with 13c15N- which are 
attributed to the two heme-rotational components (Fig. 1 .excited at 413.1 nm). 
. ' 
One Fe-C-N bending mode at 422 cm_1 .shows a pH-induced shift to 424 cm-1 (pH 
5.5) indicating the t + r conformational transition, whereas the other bending 
mode is pH-insensitive representing a non-allosteric component. · 
Replacing the unsymmetrical porphyrins with the "symmetrical" 
protoporphyrin-III we eliminate the heme disorder. Sh1rpening of · the Fe-N (His) 
£ 
(at 313 cm-1) and Fe-CN (at 453 cm-1) stretching modes ~s observed and a single 
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Fig. 1 
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(b) Dibxygen and Carbon Monoxide Binding to Imidazole-Appended Hemes. 
We have employed resonance Raman spectroscopy to probe the effects of 
proximal base strain on the bonding of 02 and CO in three synthetic hemins 
with 11 Long .. , 11 Short 11 , and 11 Stiff" covalently linked imidazole ligands. The 
oxy complexes were formed by introducing dioxygen to the deoxy complexes at 
- -70°C. The isotope-sensitive line was detected at 576 cm-1 (16o2) in oxy 
Stiff hemin, which was shif~ed to 545 cm-1 upon 18o2 substitution. This is 
the largest isotope shift (31 cm-1) observed to date, compared to the usual 
22-24 cm-1• For the Long and Short hemins, the iron-oxygen associated 
vibration was detected at 574 and 573 cm-1, respectively. Upon CO binding, 
we have observed the v(Fe-CO) stretching frequencies at 497 (Long), 499 
(Short) and 496 cm-1 (Stiff)~ somewhat lower than those reported by 
Mitchell et al. (Inorg. Chern. 1985, 24, 967) for the Traylor·s· chelated-
heme·co complexes (i.e., 501-506 cm-Jr}. 
(c) Surface-Enhanced R-esonance Raman -s·p-ecfrosc.opi ·of -Metallopo.rptiyri ns·-and 
Hemoproteins. 
~e have demonstrated that the Fe-CO stretching vibration in the CO 
complexes of protoporphyrin IX (in aqueous solution) and sperm whale 
myoglobin can be detected at- 1 JJM concentration v·i·a surface-enhanced 
resonance Raman technique. Figs. 3 and 4 exhibit the v(Fe-CO) modes at 529 
cm-1 {protoheme IX) and 500 cm-1 (sperm whale myoglobin). Experimental 
conditions: Fig. 3- Hemin·co, 1 urn, pH 8.0, Ag sol, excitation 
wavelength at 406.7 nm 
Fig. 4 - r·1b•Co, 1 urn, pH 8.0, Ag. sol, excitation 
wavelength at 406.7 nm 
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(d) Detection of Ni-N (His) and Mn-N (His) Vibrations in Hemoproteins. 
e: e: 
In collaboration with Dr. John A. Shelnutt et al ., we have identified 
the Ni-N (His) stretch at 241 cm-1 in Ni-substituted Mb and at 236 cm-1 in 
e: 
Ni-substituted Hb. 
Recent experiments on Mn-substituted CTT III and CTT IV revealed a 
very characteristic line at 213 cm-1 which is tentatively assigned as the 
Mn-N (His) stretch in the Mn(II)Mb species. Further experiments on Mn 
e: 
porphyrins are being carried out to definitely identify this line as the _ 
Mn- N (His) mode. 
e: 
3. Specific Objective for the Coming Year: 
(i) To initiate studies on the effects of distal steric hindrance 
on v(Mn-NO) stretch and ~(Mn-N-0) bending vibrations in Mn-subst~tuted 
"Strapped Hemes" (i.e., heme-5, SP-13, SP-14 and SP-15). 
(ii) To establish the assignment of Mn(II~-N (Im) stretch in Mn-substituted - . e: 
11 picket fence 11 porphyrin with different bases. 
(iii) To resolve the question of whether the v(0-0) stretch is coupled to the 
Co porphyrin ring modes by employing 15N-labled Co protoheme IX-
substituted hemoglobins (CoCTTII, III or IV). 
(iv) To study the vinyl vibrations in pe.toheme- and isopentoheme-
reconstituted CTTIII complexes. 
